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Abstract
Magnesium alloys are best known for their light weight and high strength-to-weight ratio. In the forging process of magnesium alloys, hot
working of has been often carried out. However, the strength of the material is reduced because the material temperature reaches the recrystal-
lization temperature during hot working. Therefore, the cold method working is required to maintain or increase the strength of a material. In this
study, we have designed experimental equipment to examine whether the forming of magnesium alloy is possible in the cold working by utilizing
underwater shock wave, and the hardness of the material changes by receiving the underwater shock wave. Experimental results revealed increase
in coefficient of extension and hardness of materials after receiving a shock wave.
© 2016 Production and hosting by Elsevier B.V. on behalf of Chongqing University.
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1. Introduction
Recently, magnesium alloys have attracted great research
attention owing to their low density and high strength. Their
broad use is expected in automobile and aviation industry, i.e.
trains, passenger cars, aircraft, and rockets. However, in order
to make magnesium alloys more practical, their disadvantages
(i.e. limited ductility, poor formability, and low corrosion resis-
tance etc.) must be overcome. Recently, hot working has been
mainly carried out during the forging process of magnesium
alloys. However, the strength of the material is reduced because
the material temperature reaches the recrystallization tempera-
ture during hot working. Therefore, the cold working method is
required to maintain or increase the strength of a material.
Basically, the magnesium alloys with high strength pos-
sesses high hardness values. Therefore, it is not suitable for
sheet metal working at room temperature with a hard material
resistant to plastic deformation. It is very difficult to make a
board with rolling processing, which can be used at room tem-
perature. In the present work, the forming of magnesium alloy
is investigated during cold working, i.e. by utilizing an under-
water shock wave. In addition, the hardness of magnesium alloy
is examined after receiving an underwater shock wave.
The first question is what kind of shape is suitable for this
study. We have selected a molded spherical surface. When we
inflate a circular flat metal plate placed on top of the flange, the
circular hole receives the same pressure and grows the metal
plate into a spherical surface form. When strain is applied
uniformly by static pressure, and as swelling grows greater, the
strain increases and the plate thickness decreases. The plate is
torn when it reaches the limit. Moreover, it is known that when
there is a dramatic transformation, the tensile strain will not
be uniform anymore; therefore, the outer periphery is drawn
inward to avoid breaking. It is devised to develop the compres-
sive strain state to the circumference direction. The deep
drawing processing should be to press a material, but not to
cause wrinkles, when the punch pushes the material into the die.
During deep drawing of material, the pressure plate pushes the
specimen by the shock wave pressure, and cannot be deep
drawing because it is fixed. The method using the convex shape
seems to be ideal to perform the molding that is almost deep
drawing by a shock wave method. We make a convex spherical
shape by placing the flat metal plate on the top. The metal plate
is molded to form from the top of the die by receiving a shock
wave. The periphery of the metal plate is drawn inside, and it is
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not easily broken because it is molded while producing a com-
pression strain to the circumference direction. Since maximum
tensile stress occurs in the radial direction, therefore it is a big
challenge to control a break by tensile stress. In addition, com-
pression strain in the circumferential direction results in the
occurrence of wrinkles, which becomes the problem.
In this study, molding of the spherical surface shape is
mainly convex molding. We expose which kinds of possibilities
or problems and pursue what efforts to open the possibility by
molding the spherical surface. In addition, the goal of this study
is to be able to give rise to the formation of a magnesium alloy
having a large amount of deformation that cannot be reached by
normal methods, and to estimate the deformation characteris-
tics by explosive forming of the magnesium alloy.
2. Experimental procedure
Fig. 1 shows the design and fabrication of the experimental
setup.An SEP explosive with detonation velocity and density of
6800 m/s and 1310 kg/m3, respectively, was used.
When the SEP explosive explodes, a shock wave is created
and handed down to the presser plate. The specimen is molded
by pressing a shock wave to the spherical surface of the die.
The main advantage of the processing strategy is there is no
need for a device that has a larger scale than plasticity process-
ing, for example the press. In addition, the processing speed is
very fast as compared with the normal plasticity processing. It
is very easy to burn and hard to mold.
Owing to the disadvantage of magnesium alloy, our purpose
is to understand how much processing hardening can occur and
whether it is possible to mold in an explosive forming without
causing destruction. Accordingly, AZ31 magnesium alloy has
been used as a representative specimen material.
2.1. Experimental conditions
The experimental conditions and specifications are shown in
Table 1.
In this study, three types of dies (made of S45C material)
with a convex spherical surface (shown in Fig. 2) were used.
3. Experimental results
Fig. 3 shows the experimental results performed by different
dies i.e. h = 5.36, h = 7.64 or h = 10.
Experimental results revealed that the dies of h = 5.36 and
h = 7.64 have successfully molded alloy plate, however crack-
ing occurred with die of h = 10.
3.1. Coefficient of extension
The coefficient of extension of each specimen was obtained
and summarized as shown in Table 2. The coefficient of exten-
sion of AZ31 was 7% taken from the tensile test. The surface
magnification of the spherical surface is used to calculate
Fig. 1. Experimental equipment.
Table 1
Experimental conditions.
Material AZ31
Material diameter [mm] 60, 56, 55
Material thickness [mm] 0.5, 0.6, 1.2
Die size [mm] a = 40 r = 40 h = 5.36
a = 40 r = 30 h = 7.64
a = 40 r = 25 h = 10
Temperature Room
Explosive SEP 4 g, 6 g, 8 g
Lubricant Molybdenum
Stand of an explosive and the specimen [mm] 40
Pressure plate Aluminum, No
Fig. 2. Die with a convex spherical surface.
Fig. 3. Experimental results.
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coefficient of extension. The equation of δ = (s − s0)/s0 (δ: the
surface magnification, s0: the surface area before experiment,
s: the surface area after experiment) is for the surface
magnification.
It was found that the coefficient of extension is 13.1% in the
explosive forming by an underwater shock wave for a die of
h = 7.64.
3.2. Hardness test
Vickers hardness test was carried out to analyze changes in
hardness by a shock wave. A molded sample was cut into strip
specimens, and was buried in a polyester resin. Test positions
were selected after every 5 mm.The test piece and test positions
for the hardness test are shown in Fig. 4. The Vickers hardness
test results carried out at different points are shown in Fig. 5.
It can be observed that hardness value increases toward the
radial direction, and the hardness of alloy after shock wave
processing is 1.5 times higher with a die of h = 7.64. The
increase in hardness value is attributed to work hardening
occurred during the deformation. This is because the deforma-
tion amount is large at the molded part during the deformation
by using the convex spherical surface die.
4. Conclusion
A magnesium alloy plate has been molded in cold working
by a newly designed device and strategy. When the die of
h = 5.36 and h = 7.64 were used, the samples have been suc-
cessfully molded, but in the case of h = 10, it was unsuccessful.
Experimental results revealed that the coefficient of extension is
13.1% in the case of h = 7.64, which is higher than the 7% of
the tensile test. Additionally, it was found that the hardness of
materials increased to 1.5 times higher after receiving a shock
wave.
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Table 2
Surface expansion.
Die size [mm] r = 40 h = 5.36 r = 30 h = 7.64 r = 25 h = 10
Coefficient of extension [%] 7.2 13.1 25
Fig. 4. Hardness test piece and positions.
Fig. 5. Vickers hardness test results taken at different testing positions.
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